Steering the evolution of single spin systems is crucial for quantum computing and quantum sensing. The dynamics of quantum systems has been theoretically investigated with parity-time-symmetric Hamiltonians exhibiting exotic properties. Although parity-time symmetry has been explored in classical systems, its observation in a single quantum system remains elusive. We developed a method to dilate a general parity-time-symmetric Hamiltonian into a Hermitian one. The quantum state evolutions ranging from regions of unbroken to brokenPT symmetry have been observed with a single nitrogen-vacancy center in diamond. Owing to the universality of the dilation method, our result provides a route for further exploiting and understanding the exotic properties of parity-time symmetric Hamiltonian in quantum systems.
I
n quantum mechanics, the real energies of a system are guaranteed by a fundamental axiom associated with the Hermiticity of physical observables. However, a class of non-Hermitian Hamiltonians satisfying parity-time (PT ) symmetry can still exhibit real eigenenergies (1) . An alternative formulation of quantum mechanics can be established when the axiom of Hermiticity is replaced by the condition of PT symmetry (2, 3) . The physics associated with PT -symmetric Hamiltonian has aroused considerable experimental interest (4, 5) . The optical analog of PTsymmetric quantum mechanics was first proposed (6) and then extended to other systems, such as electronics (7) (8) (9) , microwaves (10), mechanics (11) , acoustics (12) (13) (14) , and optical systems with atomic media (15) (16) (17) . Experimental study onPT -symmetric classical optical systems has stimulated many applications such as unidirectional light transport (18, 19) and single-mode lasers (20, 21) .
Experimentally investigating PT -symmetric physics in quantum systems is challenging, because quantum systems are governed by Hermitian Hamiltonians. A possible approach is to realize a PT -symmetric Hamiltonian in an open quantum system. However, it is difficult in general to realize a controllable PT -symmetric Hamiltonian by controlling the environment (22) . Some progress has been made with this approach in the system of light-matter quasiparticles (23, 24) . A lossy Hamiltonian has been constructed to simulate the quantum dynamics under PT -symmetric Hamiltonians (25) . However, the additional dissipation introduced in this protocol is usually detrimental to quantum features such as coherence and entanglement. Instead of engineering PTsymmetric Hamiltonians, nonunitary evolution operators have been mimicked in optics (26, 27) . Alternatively, two theoretical approaches have been developed to dilate a PT -symmetric Hamiltonian into a Hermitian Hamiltonian with a higherdimensional Hilbert space (28, 29) . However, these dilation methods are limited to the cases of unbroken PT -symmetric Hamiltonians. Thus, observing the transition from the unbroken to the broken PT symmetry through the exceptional point in a single quantum system, such as a single spin, remains elusive.
For where
real, and the system is in an unbrokensymmetry region. Especially, the Hamiltonian H s is Hermitian with r ¼ 0. When jrj > 1, the imaginary part of E appears, and the system is in a brokensymmetry region. The pointjrj ¼ 1 is known as the exceptional point. By taking hð0Þ ¼ h (SM1 and fig. S3 ). A single nitrogen-vacancy (NV) center in diamond (Fig. 1A ) is used to demonstrate our proposal. The Hamiltonian of the NV center is
where S z (I z ) is the spin operator of the electron (nuclear) spin, D ¼ 2:87 GHz is the electronic zero-field splitting, Q ¼ À4:95 MHz is the nuclear quadrupolar interaction, and A ¼ À2:16 MHz is the hyperfine interaction. A magnetic field is applied along the NV symmetry axis ( [1 1 1] crystal axis), yielding the electron (nuclear) Zeeman frequencies w e (w n ). A subspace of the total system is utilized to form a two-qubit system, which is spanned by the four energy levels jm S ; m I i ¼ j0; 1i; j0; 0i; jÀ 1; 0i, and j À 1; 1i relabeled with j0i e j1i n , j0i e j0i n , j À 1i e j0i n ,andj À 1i e j1i n (Fig. 1B) .
To realize the H s;a ðtÞ in Eq. 3, we apply on the electron spin of the two-spin system two selective microwave pulses with time-dependent amplitudes, frequencies, and phases. The pulses can be described by the following Hamiltonian
where W 1;2 ðtÞ, w 1;2 ðtÞ and f 1;2 ðtÞ correspond to the amplitudes, angular frequencies, and phases of the two pulses. fig. S4 for the derivation and numerical results).
The experiment was performed on an optically detected magnetic resonance setup. The static magnetic field was set to 506 G, and the NV center was polarized into the state j0i e j1i n via laser pulses (31) . Then the initial state was prepared to jYi ¼ j0i e jÀi n þ h 0 j0i e jþi n by the rotations Y ðqÞ followed by X ðp=2Þ applied on the nuclear spin (Fig. 1C) , where q ¼ 2arctanh 0 . Two selective MW pulses applied to the electron spin were generated by an arbitrary waveform generator. Finally, the nuclear spin rotation X ðÀp=2Þ transformed the state jYðtÞi ¼ jyðtÞi e jÀi n þ hðtÞjyðtÞi e jþi n into jFðtÞi ¼ jyðtÞi e j1i n þ hðtÞjyðtÞi e j0i n for measurement. Populations of the electron spin states (denoted as P 0 and P 1 ) when nuclear spin is j1i n were obtained by a proper renormalization of the experimentally measured data (SM3).
The state evolution under H s is explored by monitoring P 0 in the time range of 0 to 8 ms, with the Hermitian case r ¼ 0 ( Fig. 2A) , PT unbroken case r ¼ 0:6 (Fig. 2B) , exceptional point r ¼ 1:0 (Fig. 2C ) and PT broken case r ¼ 1:4 (Fig. 2D) . The measured dependence of the state evolution under H s with r (Fig. 2F) , shows good agreement with the theoretical predictions (Fig. 2E) . The transition from the unbroken to the broken PT symmetry through the exceptional point has been clearly demonstrated in Fig. 2 . When jrj < 1, H s has real-valued eigenvalues and determines an oscillatory dynamics (Fig. 2B) . When jrj > 1 , the eigenvalues become imaginary, leading to the breakdown of the oscillation (Fig. 2D) . Physically, the dynamics of P 0 in the region of unbroken PT symmetry is due to the nonvanished oscillatory amplitudes of microwave pulses. While in the region of broken PT symmetry, the amplitudes of microwave 2 of 3 pulses decay with time, and the system approaches to a steady state (fig. S4) .
The PT phase transition is also characterized by eigenvalues of thePT -symmetric Hamiltonians derived from experimental data (Fig. 3) . The eigenvalues of the H s are expressed as
where the parameter r exp is obtained by curve fitting the experimental time evolution of the population P 0 to theoretical predictions under PT -symmetric Hamiltonian H s (SM4). When r < 1, the eigenvalues E T remain real as r approaches 1 from 0. At the exceptional point r ¼ 1, the eigenvalues E T coalesce to 0. When r > 1, the system is in the PT -symmetry broken region, and the real parts of the two eigenvalues are zero and the imaginary parts appear. The experimental results show excellent agreement with the corresponding theoretical predictions. Our work makes NV center a desirable platform for investigating important non-Hermitian physics, such as new topological invariants (32) (33) (34) (35) , quantum thermodynamics (36) , and information criticality (29) in this scenario. This platform can be used to investigate various models of decoherence and dissipation in open quantum systems (SM5 and fig. S6 ). Furthermore, the feature of the exceptional point can be used to improve the sensitivity of quantum sensing (37, 38) . This is expected to enhance the performance of NV-based quantum sensor with a variety of applications.
